Recent negative findings regarding differences in blood pressure (BP) and heart rate (HR) reactivity at work between Type A and Type B workers may stem from the failure to note the stressors to which they were exposed. In this naturalistic study, an objective work stressor-varying levels of ambient noise-was individually monitored among 123 normotensive males. We examined the relationship of Type A behavior (assessed by the Thurstone Temperament Schedule) to ambulatory BP and HR reactivity under high and low noise conditions. We also tested the hypothesized mediating function of tension arousal. Results of multiple regression analyses indicated that when workers were exposed to high noise levels (>80 dB(A)), Type A behavior was positively related to diastolic BP (p = 0.029) and HR reactivity (p = 0.0001), even after adjusting for clinic values, time of measurement, worker activities, and body position during measurement. When the same workers were exposed to low noise levels, the results were not significant. This suggests that noise constitutes a stressor for Type A individuals, and highlights the importance of noting the actual stressorexposure condition. In addition, Type A individuals reported high tension, noted concurrently with the ambulatory measurements. Tension arousal was also related to BP and HR reactivity. Adding the tension variable to the above regressions weakened the relationship between Type A behavior and BP and HR reactivity. Thus, the tension experienced by Type A workers exposed to noise stress may have served as a mediator of cardiovascular reactivity.
INTRODUCTION
It is generally suggested that the mechanism linking environmental and psychological stressors to cardiovascular disease (CVD) is physiological hyperreactivity to these stressors (1) . Reactivity refers to the cardiovascular (CV) and/or endocrine changes from resting physiologic levels that occur in response to stress (2) . Since stressors are conceptualized as highly subjective in nature, efforts have been made to identify personality traits that dispose persons to exaggerated physiological reactivity to acute or chronic stressors. The most common personal characteristic investigated in this regard is the Type A behavior pattern. Type A behavior is characterized by extremes of competitiveness and impatience, a chronic sense of urgency, aggressive drive, and easily evoked hostility (3) . Persons not exhibiting these characteristics are labeled Type B. Evidence from laboratory studies has largely supported the hypothesized physiological hyper-reactivity of Type A individuals 1 (4) (5) (6) . Nevertheless, the data on the association between Type A and CVD are inconsistent (7) .
Recently, with the development of ambulatory devices to monitor blood pressure (BP) and heart rate (HR), there has been a growing trend to study cardiovascular (CV) reactivity in real-life situations. Evidence suggests that ambulatory BP measurements may be superior to conventional resting measurements in predicting CV risk (8, 9) . Moreover, it may prove difficult to generalize from laboratory findings to real-life CV reactivity (10) (11) (12) (13) (14) . Unfortunately, of the recent field studies attempting to replicate the above laboratory findings for Type A individuals, few have used appropriate methodology to gauge CV reactivity. Such studies either failed to find general Type A/B differences in CV reactivity at work (14) , or obtained only partial support for it (15) . Additionally, mixed results have been reported regarding BP and HR average and variability of Type A and Type B persons at work (11, 16, 17) . The major shortcoming of these field studies was that no record was made of the actual stressors to which the workers were exposed at work. Admittedly, obtaining such information is much more difficult in natural-istic conditions than in controlled laboratory studies. Nevertheless, since laboratory studies show that CV reactivity may be a product of personality/situation interaction (4, 18) , knowledge of which particular stressors are involved is highly important. This missing information makes it difficult to interpret the negative results encountered in some of the field studies.
The present study examined the responses of Type As to an objective stressor-ambient noise. There is ample evidence indicating that environmental noise constitutes a general and nonspecific stressor (19) (20) (21) which induces a host of psychological (19, 22, 23) and physiological (24) (25) (26) (27) stress responses. Type A persons were hypothesized here as being more stressed by noise than Type Bs. Noise, which has been found to reduce perceived control (19, 22) , may pose a threat to the characterized need of Type A individuals to control their environment (28) . This hypothesis was previously tested in several laboratory studies in which tasks were performed under conditions of noise and quiet. These studies yielded negative results: Type A individuals did not exhibit higher CV reactivity than Type Bs (29-31). The major shortcoming of these studies, however, was the short-term exposures of the workers to the noise. A more consistent physiological response was obtained when exposure lasted several hours (24, 25) . Ours is the first study testing Type A/B differences in CV reactivity in the presence of chronic noise stress at work.
Our second hypothesis was that the CV reactivity of Type A individuals is mediated by affective arousal. It is a commonly held assumption that the physiological arousal elicited in stress situations is an outcome of certain emotions, such as anger, fear, and anxiety, provoked by these situations (18) . The relationship between affective arousal and ambulatory CV reactivity has been indicated in a number of studies. After controlling for baseline values and workers' activities and body positions at the time of measurement, subjective mood ratings (positive and negative) were found to be significantly related to BP. Higher BP changes were found for negative emotions than for positive emotions (32) (33) (34) . To the best of our knowledge, this issue has not been tested with regard to Type A behavior patterns.
The marker used here to indicate emotional arousal was reported tension. Tension was chosen as a possible mediator of ambulatory CV reactivity because feelings of tension are known to accompany many negative emotions, such as anger, depression (mainly agitative), and anxiety (35) . In addition, although individuals may find it difficult to recognize and/or distinguish between emotions (36), they are usually capable of reporting feelings of tension and other somatic sensations (37) . Finally, among the various effects recorded, tension intensity was found to be the most strongly associated with ambulatory CV response (34) .
In sum, the aims of the present study were to examine the efficacy of Type A behavior in predicting ambulatory BP and HR reactivity in workers exposed to noise stress, and to test the mediating role of reported tension. Type A individuals were expected to report more intense feelings of tension recorded during the ambulatory monitoring. CV reactivity, in turn, was expected to covary with the experienced high tension.
METHODS

Subjects
One hundred eighty-five men employed in a heavy machinery workshop were requested to undergo voluntary ambulatory blood pressure monitoring within the framework of a study of the effects of noise exposure on blood pressure. More than 90% participated, with the lack of response due almost entirely to worker absence on examination days. Excluded were eight workers being treated for hypertension or taking any medication that might have affected blood pressure or heart rate. We also excluded 36 workers who did not have at least four ambulatory BP readings at both low and high noise exposure levels (see definition below). The final sample thus consisted of 123 workers between 20 and 50 years old (mean, 42.0 years), with mean education of 10.2 years. Of these, 71.9% reported being engaged in physical work. The excluded subjects were older (mean, 55.8 years), with mean education of 9.5 years, and 74.4% reporting engagement in physical work.
Procedure
Three types of data were collected in a workday for each worker: ambulatory CV measurements (blood pressure and heart rate), individual noise exposure levels, and a full diary record of body position, tension ratings, and activities during the ambulatory measurements. Prior to the field measurement, baseline blood pressure and heart rate levels were measured at the quiet plant clinic at the work site, and workers completed a set of psychological questionnaires.
Tests and Measurements
Clinic Measurements and Ambulatory Monitoring. The clinic measurements were performed between 7:00 AM and 8:00 AM, and the ambulatory monitoring was conducted on the same day between 8:00 AM and 4:00 PM. To ensure comparability, all CV measurements were made with a portable monitor (Accutracker I, Suntech Medical Instruments, Raleigh, NC), which gives reasonably accurate readings (38) . Three resting BP measurements
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were taken, two standing and one sitting, and the average of the three was used in the analyses. The three corresponding HR readings were also averaged. For the ambulatory monitoring, the monitor was set to record BP and HR every 30 minutes. These readings were reviewed, and obvious artifacts or values yielding a pulse pressure of less than 10 mmHg were eliminated from the analyses. Recordings were used only if at least 75% of the maximum possible readings obtained for each subject were available for analysis. The average number of readings for each worker was 16.4.
Noise Exposure Level. Individual exposure to noise was measured continuously during the workday with a personal noise dosimeter (Quest M-27 Noise Logging Dosimeter, Oconomowoc, WI), which was worn by the worker (in addition to the BP monitor). The noise level at the time of the BP measurement was taken as the average of the four 1-minute readings prior to the BP measurement. Inspection of the individual readings revealed that in a typical day workers were exposed to varying noise levels ranging from low [<79 dB(A), mean 72.5 dB(A), SD 5.3] to high [>80 dB(A), mean 86.1 dB(A), SD 4.9] . Of the total 1936 noise recordings in the study sample, 50.0% were high.
Diary Parameters. Two parameters in particular have been noted to influence ambulatory BP readings: physical effort (39) and body position (32) . The workers recorded these parameters in a personal diary at the time of each BP reading under the headings: activities (including, besides physical effort, regular work activities, eating, resting, and other occupational activities); and body position (sitting, standing, or walking). Most of the activities noted were regular work activities (77.9%), and most of the body positions were sitting or standing (83.8%). The activities and body positions were fairly evenly distributed across noise exposure levels.
Tension Ratings and Worker Training. To rate tension, we used a short 4-point scale conforming to the general recommendations of Chesney and Ironson (40) . Ratings ranged from 0 (relaxed) to 3 (very tense). In view of the fact that in a pilot study the majority of ratings were 0, workers were given tension-rating training, following the suggestion of Thayer (35) that people could be trained to be self-observers. Workers were asked to describe very tension-producing situations, to be assigned the rank of 3, to describe less tension-producing situations, to be assigned the rank of 2, and so on. The distribution of tension scores following training was: 0, 36.7%; 1, 47.4%; 2, 9.9%; and 3, 6.0%.
Type A Behavior
Type A behavior was assessed using a modification of the Thurstone Temperament Schedule (TTS) Activity subscale, suggested by Matteson et al. (41) . The subscale includes 20 times, such as, "Do you ordinarily work quickly and energetically?" and "Are you often in a hurry?" Responses ranged from 1 (definitely false) to 5 (definitely true). The TTS Activity subscale was chosen in view of evidence of its reliability and construct validity (41) . It is also consistent with the structured interview assessment method and has been linked prospectively to coronary heart disease (42) . In addition, the subscale has been demonstrated to predict CV reactivity (43, 44) . Cronbach's alpha of this scale was 0.78. The scores ranged from 23 to 61, with a mean score of 41.1. Subjects scoring in the upper third of the Thurstone Activity Scale (S44) were classified as Type A. Classification on the basis of extreme scores is common in Type A research (e.g., 45 ). This procedure is consistent with the recommendation of Matthews (46) that the Type A behavior pattern should be considered as a typology rather than as a continuum.
Data Analysis
In order to relate changes in tension intensity and the individual's current activity and body position to CV reactivity, we adopted the approach of James et al. (33) (47)), the hour of examination was entered into the regression model. Other control variables incorporated were: baseline (clinic) values; noise exposure levels; and activities and body positions of the worker at the time of BP measurement. The inclusion of baseline in the regression analysis is equivalent to the analysis of residualized change scores from baseline. The contribution of work-related activities (normal work, physical effort, lunch, and others) was tested against baseline (clinic) values; the contribution of the body positions (standing and walking) was tested against sitting values.
RESULTS
Type A Behavior and Ambulatory CV Reactivity to Noise Stress
Monitoring the objective work stressor with a personal dosimeter provided an indication of each worker's periods of high and low noise exposure. Since in many studies no circulatory effect of noise below 80 dB(A) was found (see e.g., 48), noise stress was defined here as exposure to a high noise level of 80 dB(A) and above. Prior to testing the study hypothesis, the ambulatory BP measurements for Type A and Type B workers under both noise exposure conditions were reviewed and found to be fairly evenly distributed. For Type As, 50.2% were at high noise levels and 48.8% at low. For Type Bs, these values were 51.2% and 48.8%, respectively. A 2 X 2 chi-square test of significance indicated that there was no statistically significant difference between these percentages (x 2 = 0.19, NS). This ensured that there was no self-selection bias of Type As and Type Bs into either of the noise exposure conditions. Type As had slightly higher mean baseline (clinic) BP and HR measurements than Type B: SBP, 130.7 (SE = 2.1) and 126.3 (SE = 1.3), respectively; DBP, 82.1 (SE = 1.2} and 79.9 (SE = 1.0), respectively; and HR, 76.5 (SE = 1. Ambulatory BP and HR reactivity of Type A and Type B workers to noise stress was examined through multiple regression analyses, in which the hour of measurement, the activities and body position at time of measurement, and baseline values were included as control variables. The results are presented in Table 1 .
The results indicate that under high noise conditions Type A behavior was significantly related to DBP reactivity (p = 0.029) and HR reactivity (p = 0.0001), even after adjusting for control variables. No relationship was found for SBP reactivity (p = 0.23). When the same analyses were repeated, for the same individuals, for measurements taken under low noise conditions (<79 dB(A)), no significant differences were observed in the three CV measures: SBP, beta = 0.58, p = 0.36; DBP, beta = 0.31, p = 0.56; and HR, beta = 1.34, p = 0.06. Taken together, these results support the hypothesis that Type A behavior is related to CV reactivity under conditions of noise stress.
Other noteworthy results, evident in Table 1 , were obtained by including the various control variables in the regression. These indicated the importance of including the hour of measurement (with negative beta coefficients reflecting the circadian variation of blood pressure) (46) , and the importance of adjusting for activities, especially physical effort (38) and body position (31) , at the time of BP measurement.
Tension as a Mediator of Ambulatory BP and HR Reactivity
The hypothesized mediating function of tension intensity was tested independently of noise exposure level. This was done in two steps. In the first step, the relationship between Type A behavior and reported tension intensity was examined using logistic regression in which tension served as the outcome variable, dichotomized into low (tension score 0), and high (tension score >1). The results indicated that Type A behavior was significantly associated with tension intensity recorded during the ambulatory BP measurement (beta = 0.03, Wald X 2 = 26.73, p = 0.0002) after controlling for noise exposure level and time of examination. In the second step, tension intensity was added to the regression analysis shown in Table 1 . The underlying rationale here was that if tension serves as a mediator, its inclusion in the regression should reduce the strength of the association between Type A behavior and BP and HR reactivity. The results are presented in Table 2 .
As can be seen in Table 2 , tension intensity is related to DBP reactivity (p = 0.05) and HR reactivity (p = 0.0001), but not to SBP reactivity (p = 0.35). The inclusion of the tension variable in the regression reduced the strength of the relationship between Type A behavior and CV reactivity. The association between Type A behavior and DBP reactivity was negated and became nonsignificant (beta = 1.16, p = 0.076) in comparison to when Type A behavior alone was included (Table 1 ) (beta = 1.41, p = 0.029); and the association between Type A behavior and HR reactivity was reduced (beta = 2.65, p = 0.002 after, vs. beta = 3.34, p = 0.0001 before). Given the significant relationship between Type A behavior and reported tension intensity during the ambulatory measurement, the findings here support the crucial mediating role played by tension arousal in linking Type A behavior and ambulatory CV reactivity.
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When the same regression analyses were applied to measurements taken under low noise conditions, a nonsignificant relationship between Type A behavior and CV reactivity was observed. On the other hand, tension intensity was related to SBP reactivity (beta = 1.33, p = 0.007] and DBP reactivity (beta = 0.85, p = 0.045), but not to HR reactivity (beta = 0.50, p = 0.37). It appears, therefore, that tension arousal turns out to be independently related to CV reactivity, and that tension may stem from factors other than Type A.
DISCUSSION
This field study was designed to test the extent to which Type A behavior predicts individual differences in ambulatory BP and HR reactivity among workers exposed to an objective stressor-ambient noise. The results showed that when workers were exposed to a high noise level [>80 dB(A)], Type A behavior was significantly related to increased DBP reactivity (p = 0.029) and HR reactivity (p = 0.0001), even after adjusting for several confounding variables such as the time of BP measurement, activities and body position during measurement, and baseline (clinic) values, which some authors deem imperative to control in the study of ambulatory BP (32, 39, 47) . No significant relationship between Type A behavior and CV reactivity was found under the low noise condition [<79 dB(A)]. These findings have two implications: First, they suggest that high noise is a stressor for Type A individuals. Second, they underscore the importance of monitoring the actual stressors to which Type A individuals are exposed. Had we not focused on the actual high noise stress condition, the results regarding ambulatory BP and HR reactivity would have been less apparent.
The finding here that Type A workers showed a CV response to a specific stressor is comparable to findings of previous studies examining such response to naturally occurring stressors. In two studies of exam stress, Type A students showed greater CV reactivity than Type Bs (49, 50) . However no A/ B difference was observed in a study of high school students during a school speech (51) . As noted earlier, less consistent results were obtained in studies that examined reactions of Type As to nonspecific challenges in the workplace. Further studies are warranted to ascertain whether the present findings would be replicated if Type A behavior was to be assessed using other means, such as the structured interview (52) .
The present study, to the best of our knowledge, constitutes the first field test of the hypothesized Type A/B difference in ambulatory CV reactivity to noise stress. The support gained here for this hypothesis stands in contrast to the negative results of earlier laboratory studies, which failed to demonstrate such a difference (29) (30) (31) . A possible explanation for these contrasting findings may be that the workers in the present study were exposed to chronic noise stress, whereas in all the above laboratory studies, only short exposures to noise were employed. It is likely that chronic ambient noise may have constituted a stressor for Type A individuals, since it signified a threat to their need to control the environment (28) . This assertion should be tested in future studies, in order to examine whether Type A subjects experience less perceived control in the presence of ambient noise than do Type Bs.
One intriguing finding in the present study is the absence of increased SBP reactivity among Type As. A similar negative finding was obtained in most of the field studies reviewed here. This is rather surprising, given that such reactivity is the most welldocumented in laboratory studies (5) . It is possible that the Type A/B difference in CV reactivity is not reflected in ambulatory SBP. Another possibility is that although ambulatory SBP may be indicative of Type A/B differences, this was obscured, at least in the present study, by the adjustment for baseline values. A near-significant Type A/B difference in SBP already existed at baseline. When we removed the baseline variable from the regression and retained all other control variables, the Type A/B difference in ambulatory SBP became highly significant (p = 0.0001).
The workers' recordings of tension feelings concurrent with the ambulatory BP measurement yielded several important findings. They support the mediating role assigned to affective arousal in determining CV reactivity (18) . Tension intensity among normotensive subjects was found here to be related to ambulatory SBP, DBP, and HR reactivity, after controlling for all the possible confounders listed above. This replicates earlier findings, obtained on both mild hypertensive and normotensive subjects, regarding the influence of negative emotions (such as anger and anxiety) (32-34) on ambulatory BP and HR. Positive feelings (such as happiness) were found to have lesser impact on CV reactivity (32) (33) (34) .
From a different angle, the findings point to the validity of using reported tension as a reflection of sympathetic arousal. This supports our earlier contention that although people may have difficulty in recognizing and/or distinguishing between their emotions (36), they may still be capable of reporting feelings of tension and other somatic sensations (37) . Yet, our experience indicates that in order to enhance the predictive value of tension reports, individuals must be trained to be self-observers, along the lines described in the "Methods" section.
An important characteristic of Type A individuals is their tendency to exhibit emotional arousal in the face of challenging/frustrating situations (53, 54) . This tendency has been assumed to contribute to their physical morbidity risk and was tested here using ratings of affective arousal at work. We found that Type A individuals reported higher tension at work than Type Bs. This study extends the findings of higher emotional arousal exhibited by Type As exposed to short-term laboratory stressors (see e.g., 15, 55, 56) . It also complements the evidence of chronic emotional distress of Type A persons (57) .
The findings here suggest that tension experienced by Type A subjects, links work stress to ambulatory BP and HR reactivity. This conclusion was drawn from the combination of two findings. First, the association between Type A behavior and reported tension arousal during BP measurements; and second, the elimination or attenuation of the relationship between Type A behavior and ambulatory BP and HR reactivity when the tension variable was included in the regression analysis.
In summary, the findings of the present naturalistic study support the hypothesis that high noise levels at work constitute a stressor for Type A individuals. This was manifested in high levels of tension, and in ambulatory BP and HR reactivity, even after adjusting for a number of possible confounding variables. No Type A/B difference in CV reactivity was found when the same workers were exposed to low noise levels during the same working day. Our findings reinforce the necessity of characterizing the actual stressors to which workers are exposed. This is common practice in laboratory studies, but has not been routine in field studies attempting to link personality with ambulatory CV reactivity. Data collection was greatly facilitated by the assistance of Dr. Lionel Horesko, Esti Frider-Gat, and KaJman Schwartz. The authors wish to thank Dr. TaJma Kushnir and an anonymous reviewer for their helpful comments on an earlier version of the manuscript.
